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Abstract (Basic) : EF 778099 A 

A die-casting process comprises: (i) retracting a movable plunger 
chip (9) in a plunger sleeve connected to a mould cavity; (ii) 
supplying molten metal (14) to the plunger sleeve; (iii) localising it 
to one side of the plunger chip using an electromagnetic force 
generated by an electromagnetic induction coil (10); and (iv) advancing 
the retracted plunger chip to inject the localised molten metal into 
the mould cavity (3) . Also claimed is a process using a contractible 
container to localise the molten metal in the plunger sleeve, the 
container being contracted when the plunger chip is advanced, injecting 
the metal into the mould. The apparatus for both processes is also 
claimed . 

USE - This invention relates to a die-casting process, and the 
related apparatus, for injecting molten metal into a mould cavity, 
particularly to a method of separating evolved gases from the molten 
metal during casting. 

ADVANTAGE - This invention provides a die-casting injection 
mechanism that inhibits injected molten metal from evolving gases 
contained in the plunger sleeve producing a die-cast product of high 
quality. This is achieved using a die-casting injection structure of 
simple construction, that can be easily incorporated into present 
die-casting machines. 
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Abstract (Equivalent): US 5718280 A 

A die-casting process comprises: (i) retracting a movable plunger 



chip (9) in a plungSpbleeve connected to a mould ca^By; (ii) 
supplying molten metal (14) to the plunger sleeve; (SP) localising it 
to one side of the plunger chip using an electromagnetic force 
generated by an electromagnetic induction coil (10); and (iv) advancing 
the retracted plunger chip to inject the localised molten metal into 
the mould cavity (3) . Also claimed is a process using a contractible 
container to localise the molten metal in the plunger sleeve, the 
container being contracted when the plunger chip is advanced, injecting 
the metal into the mould. The apparatus for both processes is also 
claimed . 

USE - This invention relates to a die-casting process, and the 
related apparatus, for injecting molten metal into a mould cavity, 
particularly to a method of separating evolved gases from the molten 
metal during casting. 

ADVANTAGE - This invention provides a die-casting injection 
mechanism that inhibits injected molten metal from evolving gases 
contained in the plunger sleeve producing a die-cast product of high 
quality. This is achieved using a die-casting injection structure of 
simple construction, that can be easily incorporated into present 
die-casting machines. 
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Description 

[0001] The present invention relates to a die casting 
process according to the preambles of clainn 1 and claim 
8 as well as to a die casting apparatus according to the 
preamble of claim 14. 

[0002] From the document US-A-3 211 286 a generic 
die casting apparatus is known in which the molten met- 
al within the plunger sleeve is localized on a side of the 
retracted plunger tip, while the plunger tip is disposed 
in its retracted position. By moving the plunger tip in its 
advanced position the molten metal is injected into a 
cavity. Moreover, in order to supply molten metal into 
the compressible container of the die casting apparatus, 
the compressible container is removed from its retracted 
position. Basically the same analysis also applies to the 
die casting apparatuses known from the documents FR- 
A-628463 and SU-A-791449. 

[0003] From the further cited documents EP-A- 
663251 and JP-A-071 78528 die casting apparatuses 
are known which comprises an electromagnetic Induc- 
tion coli disposed around a plunger sleeve which is con- 
nected to a cavity of a mold. 

[0004] In a die casting process for injecting a molten 
metal into a cavity of a mold at a fast rale, a molten metal 
is supplied into a plunger sleeve via a sprue, and a 
plunger chip is advanced to inject the supplied molten 
metal into a cavity of a clamped mold. The plunger chip 
is disposed movably in the plunger sleeve. In order to 
Inhibit the molten metal from spilling at the sprue, a filling 
ratio of the plunger sleeve is usually designed to be from 
30 to 70%. Accordingly there exists air above the mol- 
ten metal in the plunger sleeve. As a result, the molten 
metal shakes to involve the air therein. Thus^ in the con- 
ventional die casting, the gas defects, such as gross po- 
rosities, or the like, are likely to occur. The term, "filling 
ratio", herein means the quotient (i.e., a volume Vq of 
the molten metal divided by a volume V of the plunger 
sleeve) multiplied by 100. 

[0005] JP 4-143,058 discloses a die casting appara- 
tus which can inhibit the gas defects from occurring. The 

die casting apparatus is provided with two plunger 
sleeves and two plunger tips in order to increase the fill- 
ing ratio in one of the plunger sleeves, thereby Inhibiting 
the gas defects. 

[0006] As illustrated in Figs. 8 and 9, in the die casting 
apparatus, a cavity 83 is fonned between a stationary 
mold 81 and a movable mold 82 which are clamped to- 
gether. A first plunger sleeve 84 has a sprue 84a, and 
is fitted into a sleeve-receiving hole of the stationary 
mold 81 . The inside of the first plunger sleeve 84 is com- 
municated with the cavity 83 by way ofarunnerBSand 
a gate 86. The runner 85 is formed in the stationary mold 
81 . The gate 86 is fomied in the movable mold 82, and 
is disposed above the runner 85. A second plunger 
sleeve 88 is fitted movably into the first plunger sleeve 
84, and is connected to a hydraulic cylinder 87. Further, 
a first plunger tip 89 is fitted movably into the second 



2 

plunger sleeve 88. Furthennore, a hydraulic cylinder 90 
is fitted into the second plunger sleeve 88, and actuates 
the first plunger tip 89 to advance and retract. Moreover, 
the second plunger sleeve 88 is provided with a molten- 
5 metal inlet port 88a and a molten-metal outlet port 88b. 
The molten -metal inlet port 88a communicates with the 
sprue 84a of the first plunger sleeve 84 when the second 
plunger sleeve 88 is positioned at a retracted end. The 
molten-metal outlet port 88b communicates with the 
runner 85 when the second plunger sleeve 88 is posi- 
tioned at an advanced end. In addition, a second plung- 
er chip 91 is fixed at the leading end of the second plung- 
er sleeve 88. 

[0007] As illustrated in Fig. 8, in the die casting appa- 
ratus, the first plunger tip 89 and the second plunger 
chip 91 are retracted to supply a molten metal, and a 
molten metal is supplied into the second plunger sleeve 
88 via the sprue 84a. Consequently, the sleeve-filling 
ratio can be 100% approximately in the second plunger 
sleeve 88. Then, the first plunger tip 89 and the second 
plunger chip 91 are advanced by actuating the hydraulic 
cylinder 87, and accordingly the molten metal can be 
transferred under the runner 85 while keeping the 
sleeve-filling ratio at about 100%. The situation is illus- 
trated in Fig. 9. Thereafter, only the first plunger tip 89 
is advanced by actuating the hydraulic cylinder 90, and 
thereby the molten metal, held in the second plunger 
sleeve 88, is injected into the cavity 83. As a result, when 
injecting the molten metal, the die casting apparatus can 
effectively inhibit the molten metal from Involving the air. 
[0008] However, the die casting apparatus disclosed 
in the publication has a complicated construction, be- 
cause it requires two plunger sleeves and two plunger 
tips, and because it further requires two hydraulic cylin- 
ders to actuate one of the plunger sleeves and another 
one of the plunger tips, respectively. Further, when one 
intends to apply the die casting apparatus to existing die 
casting machines, or the like, the manufacturing facili- 
ties should be modified considerably. Furthermore, the 
second plunger sleeve 88 might not be operated prop- 
erly, because the second plunger sleeve 88 slides in the 
first plunger sleeve 84. Specifically, the second plunger 
sleeve 88 might be subjected to enlarged sliding resist- 
ance which results from the thermal deformations of the 
first and second plunger sleeves 84 and 88, or might be 
seized by the molten metal which impregnates into the 
sliding clearance between the first and second plunger 
sleeves 84 and 88. 

[0009] The present invention has been developed in 
view of the aforementioned circumstances. It is there- 
fore an object of the present invention to provide a die 
casting process which can effectively inhibit a molten 
metal from involving a gas contained in a plunger sleeve 
when a molten metal is injected. Furthennore, a die 
casting apparatus shall be provided which can carry out 
the novel die casting process, and which has a simplified 
construction applicable to existing die casting machine 
with ease. 
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[0010] The above-stated object is achieved by the 
subject-matters of the independent claims 1 , 8 and 14. 
Preferred embodiments of the these subject-matters are 
disclosed in the respective dependent claims. 
[001 1 ] In accordance with the die casting process ac- 
cording to a first aspect, and in accordance with the die 
casting apparatus according to a second aspect, the 
molten metal is supplied into the plunger sleeve, and is 
then localized on a side of the retracted plunger tip by 
means of the electromagnetic force induced by the elec- 
tromagnetic induction coil. Under the circumstances, 
the retracted plunger tip is advanced. Accordingly, only 
gases, contained in the plunger sleeve, can be sent into 
the cavity of the mold at first, and thereafter the localized 
molten metal can be injected into the cavity. As a result, 
when the molten metal is injected, it is possible to effec- 
tively inhibit the molten metal from involving the gases. 
[0012] In accordance with the another die casting 
process according to a third aspect, and in accordance 
with the another die casting apparatus according to a 
fourth aspect, the molten metal is supplied into and filled 
in the compressible container positioned at the retracted 
position. Along with the plunger tip. the compressible 
container filled with the supplied molten metal is ad- 
vanced, and is compressed to inject the filled molten 
metal into the cavity of the mold. Accordingly, only gas- 
es, contained in the plunger sleeve, can be sent into the 
cavity of the mold at first, and thereafter the filled molten 
metal can be injected into the cavity. As a result, when 
the molten metal is injected, It is possible to effectively 
Inhibit the molten metal from involving the gases. More- 
over the molten metal can be kept from directly contact- 
ing with the plunger sleeve, because the compressible 
container interposes between the molten metal and the 
plunger sleeve. Thus, It is possible to inhibit the molten 
metal from damaging the plunger sleeve. 
[0013] As having described so far, the die casting 
processes and the die casting apparatuses according 
to the present invention employ the simplified construc- 
tions, for instance, the electromagnetic induction coil 
disposed around the plunger sleeve, and the compress- 
ible container disposed movably in the plunger cylinder. 
The simplified constructions enable the molten metal, 
supplied in the plunger sleeve, to localize on the side of 
the plunger tip. and also enable the localized molten 
metal to spout into the cavity. As a result, the simplified 
constructions can inhibit the molten metal from involving 
the gases, such as air, or the like, and accordingly can 
produce high-quality cast products which little involve 
the gas defects. 

[0014] In the following, embodiments of the invention 
are described in detail with reference to the accompa- 
nying drawings. 

Fig. 1 is a cross-sectional view of a die casting ap- 
paratus according to a First Preferred Embodiment 
of the present invention, and illustrates how a mol- 
ten metal is supplied; 



Fig. 2 is a cross-sectional view of the present die 
casting apparatus according to the First Preferred 
Embodiment, and illustrates how the molten metal, 
supplied In a plunger sleeve, is localized on a side 
5 of a plunger tip; 

Fig. 3 is a cross-sectional view of the present die 
casting apparatus according to the First Prefen'ed 
Embodiment, and illustrates a state after the local- 
ized molten metal is injected; 
10 Fig. 4 is a perspective view of an electromagnetic 
induction coil assembly (designated at 10] in the 
present die casting apparatus according to the First 
Preferred Embodiment, and Illustrates partly in 
cross-section how the electromagnetic induction 
IS coil assembly is constructed; 

Fig. 5 is a cross-sectional view of a die casting ap- 
paratus according to a Second Preferred Embodi- 
ment of the present invention, and illustrates how a 
molten metal is supplied; 
20 Fig. 6 is a cross-sectional view of the present die 
casting apparatus according to the Second Pre- 
ferred Embodiment, and illustrates a slate after the 
supplied molten metal is injected; 
Fig. 7 Is a perspective view of a molten metal pack 
25 (or a compressible container) in the present die 
casting apparatus according to the Second Pre- 
ferred Embodiment, and illustrates a configuration 
of the molten metal pack schematically; 
Fig. 8 is a cross-sectional view of a conventional die 
30 casting apparatus, and illustrates how a molten 
metal is supplied; and 

Fig. 9 is a cross-sectional view of the conventional 
die casting apparatus, and illustrates a state imme- 
diately before the supplied molten metal is injected 
35 into a cavity. 

First Preferred Embodiment 

[0015] Figs. 1 through 4 illustrate a First Preferred 
40 Embodiment of the present invention. The First Pre- 
ferred Embodiment is an application of the die casting 
process according to a first aspect of the present inven- 
tion and the die casting apparatus according to a second 
aspect of the present invention to aluminium-alloy die 
45 casting. 

[0016] A die casting apparatus according to the 
present invention will be first described in terms of the 
construction. The die casting apparatus includes a sta- 
tionary plate 1 , a stationary mold 1 a, a movable plate 2, 
50 and a movable mold 2a. The stationary mold la is in- 
stalled to the stationary plate 1 . The movable mold 2a 
is installed to the movable plate 2. and is advanced to 
and retracted from the stationary mold la to close and 
open an entire mold. When the entire mold is closed, 
55 there Is formed a cavity 3 between the stationary mold 
1 a and the movable mold 2a. The stationary plate 1 and 
the stationary mold la are provided with a plunger- 
sleeve-receiving hole into which a plunger sleeve 4 is 
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fitted. The plunger sleeve 4 is made from either ceram- 
ics or metal, and is provided with a sprue 4a. The inner 
space of the plunger sleeve 4 is communicated with the 
cavity 3 by way of a runner 5 and a gate 6. The runner 
5 is formed in the stationary mold la. The gate 6 is 
formed in the movable mold 2a, and is disposed above 
the runner 5. A plunger tip 9 is fitted movably into the 
plunger sleeve 4. The plunger tip 9 is made from either 
ceramics or metal, and is connected to a rod 8 of an 
injection cylinder 7. 

[0017] Moreover as illustrated in Figs. 1 through 3. 
the plunger sleeve 4 is projected from the stationary 
plate 1 . On an outer peripheral surface of the projecting 
plunger sleeve 4, an electromagnetic induction coil as- 
sembly 10 is disposed adjacent to the stationary plate 
1 . As illustrated in Fig. 4, the electromagnetic induction 
coil assembly 10 includes a plurality of rectangle- 
shaped metallic radiation plates 1 1 , and a plurality of in- 
duction coils 12. The metallic radiation plates 11 stick 
out from the outer peripheral surface of the plunger 
sleeve 4 radially, and their major-width sides run parallel 
to the axial direction of the plunger sleeve 4. The induc- 
tion coils 1 2 are wound around the outer peripheral sur- 
face of the plunger sleeve 4 through the metallic radia- 
tion plates 1 1 and the spaces Interposing the metallic 
radiation plates 11 , and receive a supply of a predeter- 
mined electric current from an electric-current source 
(not shown). As a result of the electric-current supply to 
the induction coils 12, an electromagnetic force is gen- 
erated in accordance with the Fleming's left-hand rule. 
Hence, the magnitude and direction of the electric cur- 
rent supplied to the induction coils 12, and the number 
of turns in the induction coils 12 can be appropriately 
determined so that the generated electromagnetic force 
can satisfactorily localize a molten metal, supplied into 
the plunger sleeve 4, on the side of plunger tip 9. For 
example, the frequency of the supplied electric current 
can be about 10 Hz, and the number of turns in the in- 
duction coils 12 can be 20 turns. 
[0018] The thus constructed die casting apparatus Is 
operated in the following manner: as illustrated in Fig. 
1 , the plunger tip 9 is retraced behind the sprue 4a by 
actuating the injection cylinder 7. With the plunger tip 9 
thus retracted, a molten metal 14 is supplied into the 
plunger sleeve 4 from a ladle 13 via the sprue 4a. The 
supplying amount of the molten metal 14 is not limited 
in particular. Note that, however, the supplying amount 
can be designed to be an ordinary sleeve-filling ratio (e, 
g., from 30 to 70%). Then, the plunger tip 9 is advanced 
slightly by actuating the injection cylinder 7 to close the 
sprue 4a. With the sprue 4a thus closed, a predeter- 
mined electric current is input Into the electromagnetic 
induction coils 12 of the electromagnetic induction coil 
assembly 10 to let the electromagnetic induction coils 
12 generate an electromagnetic force. Accordingly, as 
illustrated in Fig. 2, the molten metal 14, supplied into 
the plunger sleeve 4. is moved to and localized on the 
side of the plunger tip 9 by the thus generated electro- 



magnetic force. Consequently, only gases, such as air, 
or the like, are present in the plunger sleeve 4 on the 
side of the cavity 3. On the other hand, in the plunger 
sleeve 4 on the side of the plunger tip 9, a cross-sec> 

5 tional-area occupying ratio of the molten metal 14 can 
be virtually 100%. Thereafter, as illustrated in Fig. 3^ the 
plunger tip 9 is further advanced by actuating the injec- 
tion cylinder 7. Note that the electromagnetic force can 
be kept induced by the electromagnetic induction coil 

10 assembly 10 when the plunger chip 9 is further ad- 
vanced. Thus, only the gases, such as air, or the like, 
can be first transferred into the cavity 3 by way of the 
runner 5 and the gate 6, and subsequently the molten 
metal 14 can be injected into the cavity 3 while keeping 

15 the cross-sectional-area occupying ratio substantially at 
100% approximately. As a result, when injecting the 
molten metal 14, it is possible to effectively inhibit the 
molten metal 14 from involving the gases which have 
existed In the plunger sleeve 4. All In all, It is possible to 

20 produce high-quality cast products which little involve 
the gas defects. Note that the term, "cross-sectlonal-ar- 
ea occupying ratio", herein means the quotient (i.e., a 
cross-sectional area of the molten metal 14 divided by 
a cross-sectional area of the plunger sleeve 4) multiptled 

25 by 100. 

[0019] The die casting apparatus according to the 

First Preferred Embodiment can be applied to existing 
die casting machines with ease, because it employs the 
simplified construction: namely; the electromagnetic in- 

30 duction coll assembly 1 0 disposed on the outer periph- 
eral surface of the plunger sleeve 4. Moreover, the con- 
ventional die casting apparatus is provided with two 
plunger sleeves, etc., and accordingly might be operat- 
ed improperly by the molten-metal seizure. Contrary to 

35 the conventional die casting apparatus, the die casting 
apparatus according to the First Preferred Embodiment 
will not suffer from the drawback, because it employs 
the single independent plunger sleeve 4. 

40 Second Preferred Embodiment 

[0020] Figs. 5 through 7 illustrate a Second Prefen-ed 
Embodiment of the present invention. Except that a moi- 
ten-metal pack 20 is employed, a die casting apparatus 

•*5 according to the Second Preferred Embodiment has ba- 
sically the same construction as that of the die casting 
apparatus according to the First Preferred Embodiment. 
[0021] Specifically in the die casting apparatus ac- 
cording to the Second Preferred Embodiment, a molten- 

50 metal pack 20 is disposed movably in a plunger sleeve 
4. Note that the molten-metal pack 20 works as the com- 
pressible container according to a third and fourth as- 
pect of the present invention. The molten-metal pack 20 
is made from pure aluminium. As illustrated in Fig. 7, the 

55 molten -metal pack 20 includes a cylinder-shaped mem- 
ber 21 , and a pair of disks 22, 22. The cylinder-shaped 
member 21 has an opening 21a facing upwardly. The 
upwardly-facing opening 21a is prepared by removing 
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the upper leading-end portion of a cylinder-shaped 
workpiece and by leaving the Irailing-end portion thereof 
by a minute margin. The disks 22, 22 enclose the oppo- 
site ends of the cylinder-shaped member 21 . Note that 
the outside diameter of the cylinder-shaped member 21 
and the disks 22. 22 is designed to be substantially iden- 
tical with the inside diameter of the plunger sleeve 4. 
[0022] The thickness of the cylinder-shaped member 
21 and the disks 22, 22 is not limited in particular How- 
ever, the thickness can preferably fall In a range of from 
0.1 to 0.5 mm approximately. In the Second Preferred 
Embodiment, both of the cylinder-shaped member 21 
and the disks 22, 22 are designed to have a thickness 
of 0.3 mm. In addition to the pure aluminium, the molten- 
metal pack 20 can be made from a material which is 
compressible and which has a melting point higher than 
a temperature of the employed molten metal 14. More- 
oven the configuration and size of the molten-metal 
pack 20 are not limited in particular, either. However, in 
order to enlarge the cross-sectional-area occupying ra- 
tio of the molten metal 1 4 as much as possible, the mol- 
ten-metal pack 20 can preferably be designed to have 
the same configuration and the same size as those of 
the Inner peripheral surface of the plunger sleeve 4. 
[0023] In the Second Preferred Embodiment, the mol- 
ten-metal pack 20 is taken out together with an as-cast 
product. Therefore, it is necessary to set the molten- 
metal pack 20 in the plunger sleeve 4 for every casting 
operation. The setting of the molten-metal pack 20 can 
be carried out in the following manner: the plunger tip 9 
is removed from the plunger sleeve 4. The molten-metal 
pack 20 is fitted into the plunger sleeve 4 by way of the 
opposite opening 4b which is disposed furthest away 
from the runner 5, and is placed at a predetermined po- 
sition in the plunger sleeve 4. Thereafter the plunger tip 
9 is again fitted into the plunger sleeve 4 by way of the 
opposite opening 4b. 

[0024] The thus constructed die casting apparatus is 
operated in the following manner: as illustrated in Fig. 
5, the molten-metal pack 20 is positioned so that one of 
the opposite ends (e.g.. the opposite end furthest away 
from the runner 5) of the upwardly-facing opening 21a 
is placed below the sprue 4a of the plunger sleeve 4. 
and the plunger tip 9 is positioned on the rear side of the 
molten-metal pack20. Then, the molten metal 14 is sup- 
plied into the plunger sleeve 4 from the ladle 13 via the 
sprue 4a. Note that the molten metal 14 is supplied into 
the molten-metal pack 20 so that the cross-sectional- 
area occupying ratio of the molten metal 14 is virtually 
100% in the molten-metal pack 20. Thereafter, as illus- 
trated in Fig. 6, the molten-metal pack 20 is advanced 
along with the plunger chip 9 by actuating the injection 
cylinder 7, and the molten-metal pack 20 Is held and 
pressurized between the end surface of the movable 
mold 2a and the plunger tip 9. As a result, the molten- 
metal pack 20 is compressed to deform, and accordingly 
the molten metal 14 filled in the molten-metal pack 20 
can be injected Into the cavity 3. 



[0025] In a manner similar to the First Preferred Em- 
bodiment, in the Second Preferred Embodiment as well, 
only the gases, such as air, or the like, can be first trans- 
ferred into the cavity 3 by way of the runner 5 and the 

5 gate 6, and subsequently the molten metal 14 can be 
injected into the cavity 3 while keeping the cross-sec- 
tional-area occupying ratio substantially at 100% ap- 
proximately. Note that the gases have been present in 
the plunger sleeve 4. As a result, when injecting the mol- 

10 ten metal 14, it is possible to effectively inhibit the molten 
metal 14 from involving the gases which have existed 
in the plunger sleeve 4. All in all, it is possible to produce 
high-quality cast products which little involve the gas de- 
fects. 

15 [0026] The die casting apparatus according to the 
Second Preferred Embodiment can inhibit cast products 
from involving the gas defects with extreme readiness, 
and at a remarkably low cost, because it simply employs 
the molten-metal pack 20, and because it does not re- 
quire electric facilities in addition to the molten-metal 
pack 20. Moreover the molten-metal seizure is less like- 
ly to occur between the molten-metal pack 20 and the 
plunger sleeve 4, because the molten-metal pack 20 is 
reset for every casting operation. 
[0027] In the First and Second Prefen-ed Embodi- 
ments, a sprue bushing can substitute for the portion of 
the plunger sleeve 4 adjacent to the runner 5. 
[0028] In addition, the First and Second Prefen^ed 
Embodiments describe how to apply the present inven- 
tion to aluminium-alloy casting. The present invention 
can be applied, of course, to casting for the other metals, 
such as cast iron. etc. 

[0029] Having now fully described the present inven- 
tion^ it will be apparent to one of ordinary skill in the art 
that many changes and modifications can be made 
thereto without departing from the spirit or scope of the 
present invention as set forth herein including the ap- 
pended claims. 

[0030] A die casting process, and a die casting appa- 
ratus make it possible to produce high-quality cast prod- 
ucts, which little involve gas defects, with simplified con- 
structions, such as an electromagnetic induction coil 
disposed around a plunger sleeve, and a contractible 
container disposed movably in a plunger sleeve. With 
these simplified constructions, a molten metal is local- 
ized on a side of a retracted plunger tip disposed In the 
plunger sleeve. Accordingly, when the retracted plunger 
tip is advanced, only gases, contained in the plunger 
sleeve, can be transferred to a cavity of a moid at first, 
and thereafter the localized molten metal can be inject- 
ed into the cavity. Thus, it is possible to effectively inhibit 
the molten metal from involving the gases. 



Claims 

1. A die casting process, comprising the steps of: 



25 



30 



35 



40 



45 



50 



9 



EP 0 778 099 B1 



10 



retracting a plunger tip (9) disposed movable in 
a plunger sleeve (4) connected to a cavity (3) 
of a mold (la, 2a); 

supplying a molten metal (14) into the plunger 
sleeve (4) with the retracted plunger tip (9) dis- 5 
posed therein; 

localising the supplied molten metal (14) on a 
side of the retracted plunger tip; and 
advancing the retracted plunger tip to inject the 
localized molten metal into the cavity, charac- io 
terized In that the supplied molten metal (14) 
is localized by means of an electromagnetic 
force Induced by an electromagnetic Induction 
coil (10), 



2. The die casting process according to Claim 1, 
wherein, in said molten-metal supplying step, the 
molten metal occupies the plunger sleeve (4) with 
a cross-sectional-area occupying ratio from 30 to 
70%. 

3. The die casting process according to Claim 1 , 
wherein, in said supplied-molten-metal localizing 
step, the molten metal occupies the side of the re- 
tracted plunger tip (9) in the plunger sleeve (4) with 
a cross-sectional-area occupying ratio of 1 00% vir- 
tually. 

4. The die casting process according to Claim V 
Wherein, in said supplied-molten-metal localizing 
step, the electromagnetic force is induced by the 

electromagnetic induction coil (10) which is dis- 
posed on a side of the mold (1 a, 2a). 

5. The die casting process according to Claim 1, 
wherein, in said retracted-plunger-tip advancing 
step, the molten metal occupies the side of the re- 
tracted plunger tip (9) in the plunger sleeve (4) with 
a cross-sectional-area occupying ratio of 100% vir- 
tually. 

6. The die casting process according to Claim 1, 
wherein, in said retracted-piunger-tip advancing 
step, gases contained in the plunger sleeve (4) are 
transferred into the cavity (3) at first. 

7. The die casting process according to Claim 1, 
wherein, in said retracted-plunger-tip advancing 
step, the electromagnetic force is kept induced by 
the electromagnetic induction coil (10). 

8. A die casting process, comprising the steps of: 

retracting a plunger tip (9) disposed movably in 
a plunger sleeve (4) connected to a cavity (3) 
of a moid (la, 2a): 

supplying a molten metal (14) into a compress- 
ible container (20) which is disposed on the re- 



tracted plunger tip and which is movably from 
a retracted position to an advanced position in 
the plunger sleeve (4); and 
advancing the compressible container (20) 
filled with the supplied molten metal (14) by ad- 
vancing the retracted plunger tip (9), and com- 
pressing the compressible container (20) to in- 
ject the filled molten metal (14) into the cavity 
(3), characterized in that, while the molten 
metal is supplied into the compressible contain- 
er, the compressible container is positioned at 
the retracted position. 

9. The die casting process according to the Claim 8, 
IS wherein, in said molten-metal supplying step, the 
molten metal occupies the compressible container 
with a cross-sectional-area occupying ratio of 1 00% 
virtually. 

20 10. The die casting process according to Claim 8, 
wherein, in said molten-metal supplying step, gases 
contained in the plunger sleeve (4) occupy a side 
of the mold (1 a, 2a) in the plunger sleeve (4) with a 
cross-sectional-area occupying ratio of 1 00% virtu- 
es ally. 

11. The die casting process according to Claim 8, 
wherein, in said compressible-container advancing 
step, gases contained in the plunger sleeve (4) are 

30 transferred into the cavity (3) at first. 

12. The die casting process according to Claim 8, 
wherein, in said compressible-container advancing 
step, the compressible container (20) filled with the 

35 supplied molten metal is compressed between the 
mold (1 a, 2a) and the plunger tip (9), thereby inject- 
ing the filled molten metal into the cavity (3). 



13. The die casting process according to Claim 8, 
40 wherein, aftersaid compressible-container advanc- 
ing step, the compressed compressible container 
(20) is removed from the plunger sleeve (4), and is 
replaced with a new compressible container (20) for 
every die casting operation. 

45 

14. A die casting apparatus, comprising: 

a plunger sleeve (4) connected to a cavity (3) 
of a mold (la, 2a), and receiving a supply of a 

so molten metal (14); 

a plunger tip (9) disposed movably in said 
plunger sleeve (4), and injecting the supplied 
molten metal (14) into the cavity (3); and said 
diecasting apparatus comprising in use 

S5 a compressible container (20) disposed mova- 

bly in said plunger sleeve (4), and holding the 
supplied molten metal (14) therein, character- 
ized In that said compressible container In- 
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eludes an opening (21a) facing upwardly, the 
upwardly-facing opening being prepared by re- 
moving a predetermined length of a leading- 
end portion at a top of said container and by 
leaving a predetermined margin of a trailing- 
end portion of said container. 

15. The die casting apparatus according to Claim 14, 
wherein said compressible container (20) is made 
from a material which is compressible, and which 
has a melting point higherthan a temperature of the 
molten metal. 

16. The die casting apparatus according to Claim 14, 
wherein the die casting apparatus is for aluminium- 
alloy die casting, and said compressible container 
(20) is made from pure aluminium. 

17. The die casting apparatus according to Claim 14, 
wherein said compressible container (20) is formed 
of a cylinder-shaped member having a leading-end 
opening, a leading-end portion, a trailing-end por- 
tion and a trailing-end opening; and a pair of disks 
(22) enclosing the leading-end opening and the 
trailing-end opening of the cylinder-shaped mem- 
ber 

18. The die casting apparatus according to Claim 17, 
wherein the cylinder-shaped member and disks 
(22) of said compressible container (20) have an 
outside diameter which is substantially identical 
with an inside diameter of said plunger sleeve (4). 

19. The die casting apparatus according to Claim 14. 
wherein said compressible container (20) has a 
thickness falling in a range of from 0.1 to 0.5 mm. 

20. The die casting apparatus according to Claim 14, 
wherein said compressible container (20) has a 
configuration and a size which are identical with 
those of an Inner peripheral surface of said plunger 
sleeve (4). 



Patentanspruche 

1 . Druckgief^prozess mit fclgenden Schritten: 

Zuriickziehen einer Druckkolbenspitze (9), die 
in einer mit einem Hohlraum (3) einer GieBform 
(1a. 2a) verbundenen Druckkolbenbuchse (4) 
bewegbar angeordnet ist; 
Zufuhren eines geschmolzenen Metalls (14) in 
die Druckkolbenbuchse (4), wobei die zuruck- 
gezogene Druckkolbenspitze (9) darin ange- 
ordnet ist; 

Anordnen des zugefuhrten geschmolzenen 
Metalls (14) an einer Seite der zuriickgezoge- 



nen Druckkolbenspitze; und 
Vorrucken der zuruckgezogenen Druckkolben- 
spitze. urn das angeordnete geschmolzene 
Metall in den Hohlraum einzuspritzen, 

5 

dadurch gekennzeichnet, dass 

das zugefiihrte geschmolzene Metall (14) mittels ei« 
ner durch eine Eiektromagnetinduktionsspule (10) 
induzlerten elektromagnetischen Kraft angeordnet 
10 wird. 

2. DruckgieBprozess gemaB Anspruch 1 . wobei 

bei dem Schritt zum Zufuhren des geschmolzenen 
Metalls das geschmolzene Metall die Druckkolben- 
IS buchse (4) mit einem Querschnittsflachenabdek- 
kungsverhaltnis von 30 bis 70% abdeckl. 

3. DruckgieBprozess gemaB Anspruch 1 , wobei 

bei dem Schritt zum Anordnen des zugefuhrten ge- 
20 schmolzenen Metalls das geschmolzene Metall die 
Seite der zuruckgezogenen Druckkolbenspitze (9) 
in der Druckkolbenbuchse (4) mit einem Quer- 
schnittsflachenabdeckungsverhaltnis von nahezu 
100%abdeckt. 

25 

4. DruckgieBprozess gemaB Anspruch 1 , wobei 

bei dem Schritt zum Anordnen des zugefuhrten ge- 
schmolzenen Metalls die elektromagnetische Kraft 
durch die Eiektromagnetinduktionsspule 10 Indu- 
30 ziert wird, die an einer Seite der GieBfomri (1a, 2a) 
angeordnet ist. 

5. DruckgieBprozess gemaB Anspruch 1 , wobei 

bei dem Schritt zum Vorrucken der zuruckgezoge- 
35 nen Druckkolbenspitze das geschmolzene Metall 
die Seite der zuruckgezogenen Druckkolbenspitze 
(9) in der Druckkolbenbuchse (4) mit einem Quer- 
schnittsflachenabdeckungsverhaltnis von nahezu 
100%abdeckt. 

40 

6. DruckgieBprozess gemaB Anspruch 1 . wobei 

bei dem Schritt zum Vorrucken der zuruckgezoge- 
nen Druckkolbenspitze zunachst in der Druckkol- 
benbuchse (4) enthaltene Gase in den Hohlraum 
(3) befordert werden. 

7. DruckgieBprozess gemaB Anspruch 1 . wobei 

bei dem Schhtt zum Vorrucken der zunuckgezoge- 
nen Druckkolbenspitze die elektromagnetische 
50 Kraft weiterhin durch die Eiektromagnetinduktions- 
spule (10) induziert wird. 

8. DruckgieBprozess mit folgenden Schritten: 

55 Zuriickziehen einer Druckkolbenspitze (9), die 

in einer mit einem Hohlraum (3) einer GieBform 
(la, 2a) verbundenen Druckkolbenbuchse (4) 
bewegbar angeordnet Ist: 
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Zufuhren eines geschmolzenen Metalls (14) in 
einen komprlmierbaren Behalter (20), der an 
der zuruckgezogenen Druckkolbenspitze an- 
geordnet ist und der von einer zuruckgezoge- 
nen Position zu einer vorgeruckten Position in 
der Druckkolbenbuchse (4) bewegbar ist; und 
Vorrucken des mit dem zugefuhrten geschmol- 
zenen Metall (14) gefullten komprlmierbaren 
Behalters (20), indem die zuruckgezogene 
Druckkolbenspitze (9) vorgeriickt wird, und 
Komprimieren des komprlmierbaren Behalters 
(20), um das eingefullte geschmolzene Metall 
(14) in den Hohlraum (3) elnzuspritzen. 

dadurch gekennzeichnet, dass 

derkomprimierbare Behalter an der zuruckgezoge- 
nen Position angeordnet ist, wahrend das ge- 
schmolzene Metall dem komprlmierbaren Behalter 
zugefiihrt wird. 

9. DruckgleBprozess gemalB Anspruch 8, wobei 

bei dem Schritt zum Zufuhren des geschmolzenen 
Metalls das geschmolzene Metall den komprlmier- 
baren Behalter mit einem QuerschnlttsflSchenab- 
deckungsverhaltnis von nahezu 100% abdeckt. 

10. DruckgieBprozess gema3 Anspruch 8, wobei 

bei dem Schritt zum Zufuhren des geschmolzenen 
Metalls die in der Druckkolbenbuchse (4) enthalte- 
nen Gase eine Selte der Gie3fomn (1a, 2a) in der 
Druckkolbenbuchse (4) mit einem Querschnlttsfla- 
chenabdeckungsverhaltnis von nahezu 100% ab- 
decken. 

11. DruckgieBprozess gem33 Anspruch 8, wobei 

bei dem Schritt zum Vorrucken des komprlmierba- 
ren Behalters zunachst die in der Druckkolben- 
buchse (4) enthaltenen Gase in den Hohlraum (3) 
befordert werden. 

12. Druckgie3prozess gemaB Anspruch 8, wobei 

bei dem Schritt zum Vorrucken des komprimierba- 
ren Behalters der mit dem zugefuhrten geschmol- 
zenen Metall gefullte komprimierbare Behalter (20) 
zwischen der Gief3form (la, 2a) und der Druckkol- 
benspitze (9) komprimiert wird, um dadurch das 
eingefullte geschmolzene Metall in den Hohlraum 
(3) elnzuspritzen. 

13. DruckgieBprozess gemaB Anspruch 8, wobei 
nach dem Schritt zum Vorrucken des komprimler- 
baren Behalters der komprimlerte komprimierbare 
Behalter (20) aus der Druckkolbenbuchse (4) ent- 
fernt wird und fur jeden DruckgieDvorgang durch ei- 
nen neuen komprlmierbaren Behalter (20) ausge- 
tauscht wird. 

14. DruckgieBvorrichtung mit: 



einer Druckkolbenbuchse (4), die mit einem 
Hohlraum (3) einer GieBform (la. 2a) verbun- 
den ist und eine Zufuhr eines geschmolzenen 
Metalls (14) aufnimmt; 
5 einer Dmckkolbenspitze (9). die in der Druck- 

kolbenbuchse (4) bewegbar angeordnet ist und 
das zugefuhrte geschmolzene Metall (14) In 
den Hohlraum (3) einspritzt; und 
die Druckgie3vorrichtung weist beim Gebrauch 
10 einen komprlmierbaren Behalter (20) auf, der 

in der Druckkolbenbuchse (4) bewegbar ange- 
ordnet ist und das zugefuhrte geschmolzene 
Metall (14) darin halt, 

IS dadurch gekennzeichnet, dass 

der komprimierbare Behalter eine nach oben ge- 
richtete Offnung (21a) hat, wobei die nach oben ge- 
richtete Offnung so ausgebildet ist, dass eine vor- 
bestimmte Lange eines vorderen Endabschnitts ei- 
20 nes oberen Abschnitts des Behalters entfemt ist 
und dass ein vorbestlmmter Rand eines hlnteren 
Endabschnitts des Behalters ubrig ist. 

15. DruckgleBvorrlchtung gemaB Anspruch 14. wobei 
25 der komprimierbare Behalter (20) aus einem Mate- 
rial geschaffen ist, das komprimierbar ist und einen 
hoheren Schmelzpunkt als eine Temperatur des ge- 
schmolzenen Metalls hat. 

30 16. DruckgteBvorrichtung gemaB Anspruch 14, wobei 
die DruckgieBvorrichtung zum DruckgleBen einer 

Aluminiumleglerung vorgesehen ist und der kom- 
primierbare Behalter (20) aus reinem Aluminium 
geschaffen ist. 

35 

17. DruckgleBvorrlchtung gemaB Anspruch 14, wobei 

der komprimierbare Behalter (20) aus einem zylin- 
derformigen Element mit einer Offnung am vorde- 
ren Ende, einem vorderen Endabschnitt, einem hin- 
40 teren Endabschnitt und einer Offnung am hinteren 
Ende sowie einem Paar Scheiben (22) ausgebildet 
ist, die die Offnung am vorderen Ende und die Off- 
nung am hinteren Ende des zylinderformigen Ele- 
ments abschlieBen. 

45 

18. DruckgleBvorrlchtung gemaB Anspruch 17, wobei 
das zylinderformlge Element und die Scheiben (22) 
des komprimlerbaren Behalters (20) einen auBeren 
Durchmesser haben, der im Wesentlichen gleich ist 

50 wie ein innerer Durchmesser der Druckkolbenbuch- 
se (4). 

19. DruckgleBvorrlchtung gemaB Anspruch 14, wobei 
der komprimierbare Behalter (20) eine Dicke hat, 

55 die in einen Bereich von 0,1 bis 0,5 mm fallt. 

20. DruckgieBvorrichtung gemaB Anspruch 14, wobei 
derkomprimierbare Behalter (20) einen Aufbau und 
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faire avancer ladite tige de plongeur retractee. les 
gaz contenus dans le manchon de plongeur (4) sont 
transferes en premier dans la cavite (3). 

5 7. Procede de moulage sous pression selon la reven- 
dication 1, dans lequel, dans Tetape consistant a 
faire avancer ladite tige de plongeur retractee. la 
force electromagnetique induite par la bobine d'in- 
duction electromagnetique est maintenue. 

10 

8. Procede de moulage sous pression, comportant les 
etapes consistant a : 

retracter une tige de plongeur (9) disposee mo- 
bile dans un manchon de plongeur (4) relie a 
une cavite (3) d'un moule (1 a, 2a) ; 
apporter un metal fondu (14) dans un recipient 
compressible (20) qui est dispose sur la tige de 
plongeur retractee et qui peut se deplacer 

20 d'une position retractee a une position avancee 

dans le manchon de plongeur (4) ; et 
faire avancer le recipient compressible (20) 
rempli du metal fondu apporte (14) en faisant 
avancer la tige de plongeur r6tract6e (9), et 

25 comprimer le recipient compressible (20) en 

vue d'injecterle metal fondu apporte (14) dans 
la cavity (3), 



eine GroBe hat. die identisch mit jenen einer inne- 
ren Umfangsflache der Druckkolbenbuchse (4) 
sind. 



Revendlcatlons 

1 . Procede de moulage sous pression, comportant les 
etapes consistant a : 

retracter une tige de plongeur (9) disposee mo- 
bile dans un manchon de plongeur (4) relie k 
une cavit6 (3) d'un moule (1a, 2a) ; 
apporter un metal fondu (14) dans le manchon 
de plongeur (4), la tige de plongeur retractee 
elant disposee dans le manchon ; 
mettre en place le metal fondu apporte (14) sur 
une face de la tige de plongeur retractee ; et 
faire avancer la tige de plongeur retractee pour 
injecter le metal fondu mis en place dans la ca- 
vite, 

caracterise en ce que le metal fondu apporte (14) 
est mis en place au moyen d'une force Electroma- 
gnetique induite par une bobine d'induction electro- 
magnetique (10). 

2. Procede de moulage sous pression selon la reven- 
dication 1 , dans lequel, dans ladite etape d'apport 
de mdtal fondu, le m6tal fondu occupe le manchon 
de plongeur (4) seton un rapport d'occupation de la 
superflcie de la section situe entre 30 et 70 %. 

3. Procede de moulage sous pression selon ta reven- 
dication 1, dans lequel dans ladite etape de mise 
en place du metal fondu apporte, le metal fondu oc- 
cupe la face de la tige de plongeur retractee (9) 
dans le manchon de plongeur (4) selon un rapport 
d'occupation de la superficie de la section de 1 00 
% en pratique. 

4. Procede de moulage sous pression selon la reven- 
dication 1 , dans lequel. dans ladite etape de mise 
en place du m6tal fondu apporte, la force electro- 
magnetique est induite par la bobine d'induction 
electromagnetique (1 0) qui est disposee sur un cote 
du moule (1a. 2a). 

5. Procede de moulage sous pression selon la reven- 
dication 1 , dans lequeL dans t'dtape consistant k 
faire avancer ladite tige de plongeur retractee, le 
metal fondu occupe la face de la tige de plongeur 
retractee (9) dans le manchon de plongeur (4) selon 
un rapport d'occupation de la superficie de la sec- 
tion de 100 % en pratique. 

6. Procede de moulage sous pression selon la reven- 
dication 1 .. dans lequel. dans l'6tape consistant h 



caracterise en ce que, pendant que le metal fondu 
30 est apport6 dans le recipient compressible, le reci- 
pient compressible est positionne en position re- 
tractee. 

9. Procede de moulage sous pression selon la reven- 
35 dication 8, dans lequel, dans ladite etape consistant 

a apporter le metal fondu, le metal fondu occupe le 
recipient compressible selon un rapport d'occupa- 
tion de la superficie de la section de 1 00 % en pra- 
tique. 

40 

10. Procede de moulage sous pression selon la reven- 
dication 8, dans lequel, dans ladite etape consistant 
a apporter le metal fondu. les gaz contenus dans le 
manchon de plongeur (4) occupent un cote du mou- 

^5 le (1 a, 2a) dans le manchon de plongeur (4) selon 
un rapport d'occupation de la superficie de la sec- 
tion de 100 % en pratique. 

1 1 . Procede de moulage sous pression selon la reven- 
50 dication 8, dans lequel, dans ladite etape consistant 

a faire avancer le recipient compressible, les gaz 
contenus dans te manchon de plongeur (4) sont 
transferes en premier dans la cavite (3). 

55 12. Precede de moulage sous pression selon la reven- 
dication 8 , dans lequel, dans ladite etape consistant 

a faire avancer le recipient compressible, le reci- 
pient compressible (20) rempli du metal fondu ap- 
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porte est comprime entre le moule (la, 2a) et la tige 
de plongeur (9), ce qui provoque Tinjection du m6tai 
fondu apporte dans la cavite (3). 

13. Procede de moulage sous pression selon la reven- 
dication 8, dans lequel, apres ladite etape consis- 
tant a faire avancer le recipient compressible, le re- 
cipient compressible comprime (20) est extrait du 
manchon de plongeur (4) et est remplace par un 
nouveau recipient compressible (20) en vue de che- 
que operation de moulage sous pression. 

14. Appareil de moulage sous pression, comprenant : 

un manchon de plongeur (4) relie a une cavite 
(3) d'un moule (la, 2a) et recevant un apport 
en metal fondu (14) ; 

une tige de plongeur (9) disposee mobile dans 
ledit manchon de plongeur (4) et injectant le 
metal fondu apporte (14) dans la cavite (3) ; et 
ledit appareil de moulage sous pression com- 
prenant pendant I'usage un recipient compres- 
sible (20) dispose mobile dans ledit manchon 
de plongeur (4) et contenant le mdtal fondu ap- 
porte (14), 



lindre et les disques (22) dudit recipient compressi- 
ble (20) presenlent un diametre externe qui estsen- 
siblement identique au diametre interne dudit man- 
chon de plongeur (4). 

5 

19. Appareil de moulage sous pression selon la reven- 
dication 1 4, dans lequel ledit recipient compressible 
(20) a une epaisseur situee dans la plage ailant de 
0,1 a 0,5 mm. 

10 

20. Appareil de moulage sous pression selon la reven- 
dication 14, dans lequel ledit recipient compressible 
(20) pr^sente une configuration et une tallle qui sont 
identiques k celles de la surface perlpherique inter- 

'5 ne dudit manchon de plongeur (4). 



20 
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caracterlse en ce que ledit recipient compressible 
compofte une ouverture (21 a) orientee vers le haut, 
I'ouverture orientee vers le haut etant realises en 
entevant une longueur pr6d6termin6e d'une portion 30 
d'extremite avant dans le haut dudit recipient et en 
laissant une marge predeterminee d'une portion 
d'extremite arri^re dudit recipient. 

15. Appareil de moulage sous pression selon la reven- 35 
dication 14. dans lequel ledit recipient compressible 

(20) est realise en un materiau compressible et qui 
presente un point de fusion superieur a la tempera- 
ture du metal fondu. 

40 

16. Appareil de moulage sous pression selon la reven- 

dication 14, dans lequel I'apparell de moulage sous 
pression est destine au moulage sous pression d'un 
alliage d'aluminium et ledit recipient compressible 
(20) est realise en aluminium pur. -^5 

17. Appareil de moulage sous pression selon la reven- 
dication 1 4. dans lequel ledit recipient compressible 
(20) est forme d'un element en forme de cylindre 
pr6sentant une ouverture k son extr6mite avant. so 
une portion d'extremite avant, une portion d'extre- 
mite arriere et une ouverture a son extremite 
arriere ; el une paire de disques (22) fermant 
I'ouverture d'extremite avant et I'ouverture d'extre- 
mite arriere de 1' element en forme de cylindre. 55 

18. Appareil de moulage sous pression selon la reven- 
dication 17, dans lequel r6l6ment en forme de cy- 
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FIG. 4 
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